Structure and functional evaluation of porcine NANOG that is a single-exon gene and has two pseudogenes.
Nanog plays an important role in maintaining the pluripotency of murine and human embryonic stem cells. However, the molecular features and transcriptional regulation of the NANOG gene have not been well investigated in pig. Here, we report, for the first time, that porcine NANOG is encoded by a single exon gene (SEG) mapped on chromosome 1 and has two daughter genes, one pseudogene NANOGP1 on chromosome 5 and one tandem duplicate on chromosome 1. The duplicated pseudogene NANOGP2 has high sequence similarity to NANOG, but does not encode a functional protein due to deletions and in-frame stop codons. The NANOGP1 contains four exons and three introns, but is short of the homeodomain sequence. Transcriptome analysis confirmed that NANOG mRNA in porcine iPS cells is transcribed from the SEG NANOG, but not from NANOGP1, because the NANOGP1 promoter is highly methylated, as confirmed by global DNA methylation analysis. The NANOG protein encoded by NANOG retains N, H, and C1/W/C2 domains. The H domain is required for nuclear translocation, while the C1/W/C2 domain ensures the NANOG regulatory function. Overexpression of NANOG in porcine embryonic fibroblasts promoted upregulation of its target genes SOX2, KLF4, and c-MYC. In conclusion, the functional porcine NANOG that is different in chromosomal structure from mouse and human genes is a single exon gene and encodes the functional NANOG protein that can be specifically regulated by OCT4/SOX2, and can promote the activation of target pluripotent factors in vivo.